Hypertension has been identified as the third leading risk factor for global burden of disease and the main risk factor for mortality. 1, 2 It is the most important modifiable risk factor for coronary heart disease, stroke, congestive heart failure, and end-stage renal disease. 2 The incidence of cardiovascular diseases (CVDs) is especially increasing in the emerging economies, 3 including Vietnam, which currently has more than 80 million inhabitants. In Vietnam, multiple nutrition-related chronic diseases, such as overweight and obesity, hypertension, CVDs, and type 2 diabetes, are rising steadily. 4 Hypertension data has not been well documented in Vietnam, and the published prevalence rates have mainly been derived from small surveys. 5, 6 The most recent article reported an overall prevalence of 25.1% based on pooling of several small surveys carried out in the period 2002-2008. 7 Among the hypertensive population, 48.4% were aware of their high blood pressure (BP), 29.6% reported treatment, and 10.7% had achieved BP control. Control of hypertension should be achievable in Vietnam because many effective and low-cost treatments are currently available. Prevention of hypertension and controlling prehypertension by nonmedical means will also contribute to lessening the burden of CVDs. 8 However information on the determinants and risk groups in the Vietnamese population is currently limited.
stratified two-stage sample design to obtain a nationally representative sample of adults aged 25-64 years. The sample was selected independently within each of Vietnam's eight ecological regions. In the first stage, a total of 240 clusters, each composed of approximately 100 households, was selected. Within the list of clusters, based on a 3% sample frame for each region and using sampling method of probability proportional to size, 30 clusters were randomly selected from provinces within the region. Urban and rural areas were defined as indicated in the General Statistics Office's Vietnam List of Administrative Divisions. In rural areas, most residents gain their livelihood from agriculture. In the second sampling stage, 72 participants aged 25-64 years were randomly selected in each cluster and categorized equally into 4 age groups (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) , 45-54, 55-64 years) and both sexes. Approximately 3% of those selected were unavailable for the survey, and they were replaced by other randomly selected participants. Data were available for 17,199 adults aged 25-64 years.
BP measurement
BP was measured by well-trained health workers using standard mercury sphygmomanometer in accordance with the World Health Organization (WHO) STEPS manual 9 and adapted by the Vietnam National Cardiology Association. 10 Participants were seated for at least 15 minutes, after which BP was measured twice in millimeters of mercury. A third measurement was taken if the difference between the 2 measurements was ≥10 mm Hg, and the average of the second and the third measurements was used for analysis. Hypertension was defined as systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP) ≥ 90 mm Hg and/or self-reported current use of antihypertensive medication. Prehypertension was defined as SBP ≥120 and <140 mm Hg and/or DBP ≥80 and <90 mm Hg, and normotension was defined as BP values <120/80 mm Hg according to JNC7 (the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure). 11 An additional classification of prehypertension as SBP ≥129 and <140 mm Hg and/or DBP ≥85 and <90 mm Hg was presented according to the 2013 European Society of Hypertension/ European Society of Cardiology (ESH/ESC) guideline. 12 Awareness of hypertension was defined as self-report of previous diagnosis of hypertension by a healthcare professional. Treatment of hypertension was defined as self-report of use of antihypertensive medication during the 2 weeks before the physical examination. Control of hypertension was recorded when the treated hypertensive patients had SBP/DBP <140/90 mm Hg.
Data collection on risk factors
Data collected on risk factors was in accordance with the WHO STEPS manual. 9 Demographic and lifestyle factors (alcohol consumption, smoking, physical activity) were obtained by personal interview using the adjusted WHO STEPS questionnaire. Education levels were illiterate, literate (bur primary school not finished), primary school, secondary school, high school, and higher education. Data on physical activity at work, leisure time, daily transportation, and sedentary behaviors were analyzed using metabolic equivalent (MET) minutes per week based on the Global Physical Activity Questionnaire as recommended by WHO. 13 Physical activity was classified as low, moderate, and high if participants had any combination of walking, moderate-intensity, or vigorous-intensity activities achieving a minimum of <600 MET minutes per week, at least 600 but <3,000 MET minutes per week, and 3,000 or more MET minutes per week, respectively. Physical activity based on combined MET was classified into quartiles for use in logistic regression analysis. Alcohol intake (beer, spirits, and wine) was converted to grams of ethanol. People who had consumed alcohol within 6 months before the survey date were classified as alcohol drinkers. Smoking was classified as never-smokers, ex-smokers, and current smokers. Body weight was measured using an electronic scale (Seca Model 882, Gmbh & co. kg, Germany) of 100-g accuracy. Body height was measured using wooden stadiometer of 1-mm accuracy. Body mass index (BMI) was computed as weight per height squared (kg/m 2 ). Underweight, normal weight, and overweight were defined as BMI <18, 18-23, and ≥23, respectively, as recommended for Asian populations. 14 Additionally, BMI ≥25 kg/m 2 was used to facilitate international comparison regarding overweight. 9 
Statistical analysis
Data analyses were done using IBM SPSS Statistics 20 (IBM Corporation, New York). The complex sample procedure using weighing factors based on the population structure stratified by ecological region, sex, age-group, and area of residence in 2004 15 was applied to ensure a fully nationally representative reporting of the result. Thirty-two participants with extreme height or weight and 4 subjects without BP measurement were excluded. Data were therefore available for 17,199 subjects aged 25-64 years. Data are presented as percentages with 95% confidence interval (CI) for the prevalence of prehypertension, hypertension, awareness, treatment, and control.
The size of the hypertensive population was estimated as the product of the prevalence of hypertension multiplied by the number of population aged 25-64 years. Multiple multinomial logistic regression analysis for polytomous outcomes was performed to analyze the relationship of related factors with both prehypertension and hypertension as compared with normotension (exclusion or inclusion of participants taking antihypertensive medication, which may have altered their lifestyle, made no significant difference to the result). The multiple logistic regression models included the risk factors, such as age, area of residence, education level, alcohol drinking, tobacco smoking, physical activity, and BMI. In the regression model for women, smoking and alcohol drinking were excluded because of the low incidence of alcohol consumption (3.5%) and tobacco use (2.3%) among women. Odds ratios (ORs) were presented with 95% CIs. P values for trend were also obtained from the regression models.
Ethical consideration
The Ethics Committee of the National Institute of Nutrition of Vietnam approved the study. Before data collection, participants were asked for agreement to participate. 
RESULTS

Of
Prevalence of hypertension and prehypertension
The prevalence of hypertension was 20.7% (95% CI = 19.4-22.1) and was higher in men vs. women (25.2% vs. 15.9%; P < 0.001) but was similar in urban areas vs. rural areas ( Figure 1 ). The prevalence of known hypertension was 5.4%, highest in urban men (9.6%) and lowest in rural women (4.3%). The overall prevalence of unknown hypertension was 15.4%, highest in rural men (19.4%) and lowest in urban women (7.8%).
Prehypertension affected 41.8% of the population (95% CI = 40.4-43.1), was more prevalent in men vs. women (46.1% vs. 37.2%; P < 0.001), and was more prevalent in rural area vs. urban areas (43.0% vs. 33.6%; P < 0.001). Only 28% of men and 47% of women had normal BP levels.
Hypertension strongly increased with age (Table 2) . Overweight men and women had higher prevalence of hypertension (42.8% and 29.1% when overweight defined as BMI ≥25 kg/m 2 or 50% and 34.9% with BMI ≥23 kg/m 2 , respectively) than normal weight and underweight men and women. High alcohol consumption was associated with hypertension in men (30.6%) but not in women. Overall, prehypertension and hypertension combined affected 62.5% of adults aged 25-64 years and increased with age (from 52.0% among those aged 25-34 years to 80.4% among those aged 55-64 years).
Under the 2013 ESH/ESC guideline 12 rather than the JNC7 guideline, 11 the prevalence of prehypertension was considerably lower (i.e., 13.7%, 95% CI = 12.6−14.9 in men; 9.8%, 95% CI = 8.9−10.8 in women), and the total prevalence of combined prehypertension and hypertension was 32.9% (95% CI = 31.3-34.6).
Determinants of hypertension and prehypertension
The results from multivariable multinomial regression analysis (Table 3 ) showed that age, educational level, BMI, and physical activity were independent risk factors for hypertension in both men and women. Alcohol consumption was also an independent determinant of hypertension in men. Men who consumed <10 g of ethanol per day were less likely to have hypertension (OR = 0.74; 95% CI = 0.52-0.94), whereas those with consumption of >30 g of ethanol per day had an OR of 1.57 (95% CI = 1.23-2.02) compared with nondrinkers. The differences in hypertension according to smoking habits were reduced after adjustment. After taking into account all other risk factors, women from the rural areas still had significantly elevated hypertension prevalence compared with urban women.
After adjustments, age and BMI were independently associated with an increased risk of prehypertension, similar to the association with hypertension (Table 3) . Independent of other risk factors, living in rural areas remained significantly associated with increased risk of prehypertension. Additional analyses showed that under stricter definition of prehypertension, as described above, associations with determinants were similar but with ORs being slightly higher.
Hypertension awareness, treatment, and control
Among the group with hypertension, only 25.9% (95% CI = 23.3−28.1) were aware of their condition, 12.2% (95% CI = 10.7−13.9) were treated, and 2.8% (95% CI = 2.1−3.6) had their BP under control (Table 4) . Thus, 32.4% of the hypertensive population had their BP under control. Awareness and treatment increased with age, but the proportionate control among those treated declined strongly with age. Women and urban residents were more aware, treated, and BP controlled than men and rural residents, respectively. The higher the education level people had, the more aware of their hypertension they were.
DISCUSSION
The result from the National Overweight Adult Survey in 2005 showed that 1 in 5 people aged 25-64 years (20.7%; i.e., >8 million Vietnamese adults) was hypertensive. Hypertension was more prevalent in men (25.2%) than in women (15.9%) and more prevalent among older people. This pattern was consistent with the results of small surveys previously reported in Vietnam. 5, 6, 16 Son et al. 7 observed a higher prevalence in Vietnam, but they included older people and used nonrepresentative samples that included more participants from urban areas. Our national prevalence estimate is comparable with the results in other Asian countries such as China (18%), 17, 18 Thailand (21.7%), 19 and South Korea (22.9%). 20 The observed higher prevalence of hypertension in men was consistent with the general picture of sex difference in other developed and developing countries. 21 The Survey in 2001-2002, 22 indicating an increase in hypertension prevalence among the Vietnamese adults. An increasing trend was also reported in other neighboring countries such as China 23, 24 and Thailand 19 and fit the notion that hypertension is an increasing public health burden in the emerging economies such as those in Asia. 25 The prevalence of prehypertension (41.8%) was twice that of hypertension, and this study is the first to report on prehypertension for Vietnam. Prehypertension is an important risk group because the rate of progression from prehypertension to clinical hypertension was 19% over 4 years 26 and prehypertension is associated with a 66% increase in CVD mortality. 8 A recent review reported that the overall worldwide prevalence of prehypertension as defined by JNC7 is 38%. 27 Chinese studies reported rates ranging from 30.2% to 54.4%, and our result fits well within this range. 27 Using stricter European classification, the prevalence of prehypertension was considerably lower, as expected. It should be noted that our data on hypertension and prehypertension were obtained from 2 repeated measurements during 1 visit, whereas 2 independent visits are recommended in a clinical setting. 11 It has been shown that with a single visit the prevalence can be overestimated by 3%-29%. 28 However, other population-based surveys used single visits as well, and hence our results are well comparable with other studies. 19, 20, 27 Moreover, it has been shown that within-person variation in the outcome variable does not affect the association with its determinants, 29 which is important because these may provide clues for prevention programs. The positive associations of hypertension with age and BMI and the negative associations with educational level and physical activity observed in this national survey were consistent with the results of previous studies in Vietnamese population subgroups [5] [6] [7] 16 and other countries in the region. 28, 30 We have previously shown that the prevalence of overweight in Vietnamese adults was twice as high in 2005 vs. 2000. 31 Therefore, this rapid increase in overweight is likely in part attributable to a considerable increase in hypertension from 16.9% in 2001-2002 22 to 20.7% in this study.
Physical inactivity has been documented to be associated with higher risk of hypertension in many populations, including in Asia. 32 The rapid urbanization, industrialization, and modernization have brought less physical activity at work, travelling to and from work, and at leisure and brought a more sedentary lifestyle to the population in Vietnam. Indeed, 81.4% of our population was classified as having a high level of physical activity, although this was only 56.5% in the urban areas (data not shown). Together with changes in the dietary pattern, this induced overweight and obesity 33 and is also independently associated with increased risk of hypertension, as our results suggest. Systematic overviews of lifestyle interventions showed that exercise was associated with a 2.8-4.6 mm Hg reduction in SBP. 34 Each 5 kg of weight loss reduces SBP by 3.6 mm Hg on average. 34 Therefore promoting physical activity and weight control probably is a good option, particularly among urban residents in Vietnam.
Among men, we observed a J-type of association between alcohol consumption and hypertension, indicating that hypertension was higher in those with higher alcohol use but not in those with moderate alcohol consumption. This has also been reported in other populations. 35, 36 Alcohol intake was associated with lowering of BP in several randomized clinical trials. 34 Therefore, lowering alcohol consumption in excessive alcohol drinkers should be promoted for hypertension control in Vietnamese men.
Hypertension was more common in ex-smokers, which was also reported in Vietnamese adults. 35 However, the association between hypertension and smoking was not observed after taking other risk factors, such as BMI, into account. The absence of an association between hypertension and smoking after adjustment for other risk factors was also reported in other populations. 20, 21, 30 In many countries, hypertension seems to be more common in urban than in rural areas because of higher prevalence of overweight and obesity and lower levels of physical activity in urban area. 37 Given these risk factors, as well as smoking, alcohol use, and education, the prevalence of hypertension and prehypertension was higher in rural residents, especially women. Smaller or no gaps between urban and rural areas have been observed in Thailand, Korea, and China as well. 19, 20, 31, 38 The 2007-2008 China National Survey showed that in economically developed regions, the prevalence of hypertension was significantly higher among rural residents than among urban residents. 38 This situation might be because economic development in rural regions, urbanization, and associated lifestyle and diet under insufficient health and nutrition education together lead to higher prevalence of prehypertension and hypertension in rural areas than in urban areas. In our study, we can only speculate regarding the cause of the higher prevalence in rural areas. Dietary factors could be involved, but we were not able to address high sodium intake and low intake of potassium as risk factors for hypertension. Traditional-style food preparation is still highly prevalent in rural areas and includes salt for preservation because refrigerators are still not widely used.
Awareness and treatment of hypertension was higher in urban areas, as expected. Overall, awareness (25.9%) and treatment (12.2%; less than half of those aware) were low compared with other countries in the region (e.g., Malaysia: 34.6% aware, 32.4% treated; 39 Thailand: 30.1% aware, 23.5% treated) 19 and comparable with China (24.0% aware, 18.0% treated). 17 Among those treated, 32.4% had their BP under control, a proportion that was higher in women than in men and higher in urban areas than in rural areas. The control rate in Vietnam was similar to that in neighboring countries-26.8% in Malaysia, 24.0% in China, and 36.6% in Thailand.
In conclusion, on the basis of the national survey data, 20.7% of the Vietnamese adults had hypertension and an additional 41.8% had prehypertension, indicating that 62.5% of the adult population, or >23 million people, are at risk of CVDs. Among the hypertensive population, only 18.9% were aware of their condition, 12.2% were treated, and 2.8% had their BP controlled. These findings suggest that lifestyle modifications, including the prevention of overweight, the promotion of physical activity particularly in urban areas, and the reduction of high alcohol consumption, may help to prevent hypertension in Vietnam. Furthermore, increased efforts regarding education, detection, and treatment could be important in management of hypertension and cardiovascular disease risk prevention.
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